Lanthanum complex Bis (5-choloro-8hydroxyquinoline) (2-2'bipyridine) lanthanum La(Bpy) (5-Clq) 2 has been synthesised and characterised for its structural, thermal and photoluminescence analysis. Structure analysis of the complex was performed by Fourier transformed infrared spectroscopy (FTIR). Thermal analysis of the lanthanum complex was done by thermal gravimetric analysis (TGA) and complex is stable up to 370°C. Absorption and emission spectra of the complex was measured by UV-visible spectroscopy and photoluminescence spectroscopy, respectively. Solution of this complex in ethanol showed two absorption peaks at 402 and 334 nm, which may be attributed due to (π -π*) transitions. The photoluminescence spectra of La(Bpy)(5-Clq) 2 in ethanol solution showed intense peak at 510 nm.
Introduction
Synthesis of lanthanide metal complexes is growing rapidly, owing to the relevance of these compounds in basic and applied research in different scientific areas ranging from chemistry to material science to the life science due to their structural motifs, high coordination numbers (Alexander, 1995; Døssing, 2005; Parker et al., 2002; Bünzli and Piguet, 2002) . Lanthanide coordination compounds are the subject of intense research efforts because of their unique structures and potential applications in advanced materials such as Ln-doped semiconductors (Taniguchi and Takahei, 1993) , magnetic (Costes et al., 1997; Bencini et al., 1985) , catalytic (Lisowski and Starynowicz, 1999) , fluorescent (Reinhard and Güdel, 2002; Alexander, 1995) and nonlinear optical materials (De Zea Bermudez et al., 2001; Sharma and Rogers, 1999) . It has been shown that ligands containing both nitrogen and oxygen donor atoms are good building blocks for the formation of various lanthanide coordination compounds (Wang et al., 2002; Pan et al., 2000) .
Lanthanide ions are different in the optical properties from other luminescence materials because their absorbance and emission spectra have narrow wavelength ranges with high quantum yields, which are based on the long-lived (milliseconds timescale) excited states of the lanthanide ions (Yang et al., 2006; . Lanthanum complexes were synthesised by many researchers taking different ligands (De Sa et al., 2000; Armelaoa et al., 2010; Sabbatini and Guardigli, 1992; Bhargava, 2016, 2016b; Kumar et al., 2016) . In this work, we report the synthesis of a new photoluminescent material Bis (5-choloro-8-hydroxy quinoline) (2-2'bipyridine) Lanthanum La(Bpy) (5-Clq) 2 and characterised for its structural properties (FTIR), thermal stability (TGA) and optical properties (photoluminescence, UV-visible-spectra).
Experimental

Materials and methods
The synthesis process of bis (5-choloro 8-hydroxy quinoline) (2-2'bipyridine) lanthanum La(Bpy)(5-Clq) 2 is shown in Figure 1 . The material was obtained by the reaction of the ligands, 5-choloro 8-hydroxy quinolone (5-Clq), (2-2'bipyridine) (Bpy) and lanthanum nitrate (metal ligand) was taken at 1:1:2 molar ratio in ethyl alcohol. A solution of 5-choloro 8-hydroxy quinoline (5-Clq) 0.358 g (0.002 mol) (Sigma Aldrich chemicals) and (2-2'bipyridine) (Bpy) 0.156 (0.001 mol) was prepared in 60 ml absolute ethanol (S.D. Fine Chem. Limited India) in a 100 ml three neck flask and stirred in nitrogen atmosphere stirred and kept at 90°C for 2 h. A solution of lanthanum nitrate 0.433 g (0.001 mol) in 3 ml of deionised water was added drop wise to the reaction mixture. After 2 h of stirring a greenish precipitate of the complex was observed and separated from the reaction mixture which was filtered and dried at 90°C in vacuum oven for 24 h. The infrared absorption spectrum studied using a Nicolet 5700 spectrometer. Thermo-gravimetric analysis was done by using SDTA 851Metter-Toledo-star system in the temperature range from 20°C to 500°C. The UV-visible absorption spectra of the synthesised complex were recorded on a Shimadzu UV-2401 spectrophotometer. The photoluminescence spectra were recorded using a Fluorologspectrofluorometer (Jobinyvon-Horiba model -3-11) at room temperature.
Results and discussion
Structural and thermal characterisation of material Bis (5-choloro 8-hydroxy quinoline) (2-2'bipyridine) lanthanum La (Bpy) (5-Clq) 2
Characterisation of the material was carried out by spectroscopic techniques; Fourier transformed infrared spectroscopy (FTIR) and thermal gravimetric analysis (TGA). FTIR analysis of the material was done with a KBr pellet using a Nicolet 5700 spectrometer shown in Figure 2 . The absorption in mid wave number region (2000-500 cm -1 ) corresponds to heavy atom (La) in-plane and bending vibrations present in the lanthanum complex. In the low wave number region below 1,000 cm -1 absorption is attributed to out-of-plane modes. The band at 1,577 cm -1 is assigned to C = C stretching vibration from the quinoline ligand. The bands observed at 1,496 and 1,458 cm -1 are correspond to C = C/C = N stretching associated with pyridyl group in La(Bpy)(5-Clq) 2 (Kumar and Bhargava, 2016a; Kumar et al., 2016) . The bands at 1,390 and 1,376 cm -1 are due to C-N vibrational absorption. The vibrations at 1,373, 1,352 and 1,305 cm -1 are due to C = C/C = N stretching in the quinoline fragments of La(Bpy)(5-Clq) 2 . Peaks at 1,049 cm -1 is characteristic of vibration of C-H group in aromatic ring located between two substituents. Peak at 969 cm -1 might be attributed to trans double bond. The characteristic peaks from 600 to 800 cm -1 show the presence of quinolinic rings (Kumar and Bhargava, 2016b) . Lanthanum ions form a stable complex with quinoline by La-N bond which is observed at 661 band (Kumar and Bhargava, 2016b) . FTIR spectra indicated that lanthanum metal is well connected with ligands. TGA analysis of the material was done by using SDTA 851 Metter-Toledo-star system in the temperature range from 25°C to 500°C shown in Figure 3 . This material does not show any weight loss up to 370°C which is a clear identification of excellent thermal stability of the La complex. Above 370°C the material shows a drastic weight loss. This might be due to the decomposition of polymeric host.
Optical characterisation of material bis (5-choloro 8-hydroxy quinoline) (2-2'bipyridine) lanthanum La(Bpy) (5-Clq) 2
The photoluminescence and UV-visible spectra of lanthanum complex La(Bpy)(5-Clq) 2 were obtained in a solution of ethanol as shown in Figure 4 . The absorption spectrum shows a maxima at 334 nm which correspond to π -π* transition of the ligands. In addition to this, one absorption peak is also observed at 402 nm. This peak might also arise due to π -π* transition of aromatic ring. The photoluminescence spectra for this material showed the most intense peak at 510 nm, which is consistent with the absorption spectra. The PL spectra of this material emit green light. 
Conclusions
The lanthanum complex was synthesised by the reaction of 5-choloro-8-hydroxyquinoline and 2, 2'bipyridine with lanthanum nitrate. Lanthanum complex, bis (5-choloro-8-hydroxyquinoline) (2, 2'bipyridine) lanthanum La(Bpy) (5-Clq) 2 exhibits good thermal stability up to 370°C. The prepared material emits green light in PL spectra. Thermal stability and photoluminescence properties of La(Bpy) (5-Clq) 2 suggest that this material can be used as an emissive layer in organic light emitting diodes.
